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(57) Abstract: The invention discloses <t method of pfododftg a miero-orgmiism that cjiu biosynthesise carnitine from a non-car- 
».itine synihesiswig tmcro* organism, fhe method including: me step of transforming the non-camitifie synthesizing micm-orgynisnj 
with a nucleoiide sequence eneeuling y-bnt\?jx>betaine hytlroxylase (BBH), The transformed micro-organism is capable of producing 
carnitine when cultured in the presence of gamma-buiyn)beiaiiie. A method, of identifying a camtline-prodncing mkixj-organism 
is also disclosed, the method including the steps of applying a micro organism to a synthetic agar medium which does not contain 
camitirte and is coated with a layer of Saocharomyces tcenmsiae Aeitl aimm; entering the micro- organism; and detecting the pros 
enee of a xone in the agar medium formed by camid fte-prodneing micro -organisms ^ The trans Ibrmed. micro-organism may he used 
to enhance the nutritional value of foods and beverages, such as bread and been 
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METHOD OF PRODUCING A CARNiTINE-SYNTHESlSlNG MICROORGANISM 



5 

BACKGROUND OF THE INVENTION 

10 The invention relates to a method for producing a micro-organism that is capable of 
synthesising carnitine, and also describes a method of identifying whether a micro- 
organism is capable of synthesising carnitine. 

L-Carnitine {3»hydroxy-4-W-trimethyfaminobutyrate) is a quaternary ammonium 
15 compound that was first discovered in muscle extracts in 1905 (Bremen 1983). In 
1952, it was shown that the meaiworm Tenebrio molitor is dependent on carnitine for 
survival, generating new interest in this molecule, which was named vitamin B T (Carter 
et al, 1952), Later investigations showed that most eukaryotic organisms could 
synthesise L-carnitine from trimethyl lysine as a precursor (Vaz and Wanders, 2002). 
20 Nevertheless, carnitine deficiencies occur and they are debilitating diseases, frequently 
due to genetic mutations (Bonnefont et at., 1999; Lahjouji et al f 2001), Such diseases 
are characterised by tow levels of carnitine in either the serum or in specific tissues, in 
most cases, patients respond favourably to exogenous dietary supplementation of 
carnitine (Pons and De Vivo, 1995). In recent times, L-carnitine has also been used for 
25 symptomatic treatment in cases of diseases, such as chronic fatigue syndrome, 
coronary vascular disease, hypoglycemia and muscular myopathies (Kelly, 1998). In 
addition, carnitine is widely used in nutritional products, such as energy drinks, weight 
loss supplements and baby formulae (Carter et aL, 1995). 

30 in mammalian ceils, carnitine is an essential component of the mitochondrial carnitine 
cycle that is responsible for the transfer of activated long-chain fatty acids into the 
mitochondria or peroxisome for p-oxidation (Bieber, 1988). in the yeast 
S&ccharomyces cerevfsiae, on the other hand, p-oxidation occurs solely In the 
peroxisomes (Kunau et al,, 1988). Van Roermund et at (1995) showed that 

35 exogenous carnitine was essentia! for growth on fatty acids as sole carbon source in 
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the absence of the giyoxyiate cycle citrate synthase, Cit2p. Later, Swiegers et aL 
(2001) showed that in the Acit2 strain, carnitine is essentia! for growth on alt non- 
fermentable carbon sources. Therefore, S cerev/s/ae is unable to biosynthesise 
carnitine endogenousiy but relies on exogenous carnitine, which is transported into the 
5 cell by the general amino acid membrane transporter Agp2p (van Roermund et aL, 
1999; Swiegers et al. t 2001), 

Mammals, plants and some fungi are abfe to btosynthesise carnitine from ?,-N- 
trimethyllysine (TML) (Lindstedt and Lindstedt, 1970; Kaufman and Broquist, 1977; 

10 Bremer, 1983). In mammals, TML is provided by the lysosomal hydrolysis of proteins 
that contain this amino acid as a result of the posMranslational modification of lysine 
residues {Bremer, 1983), However, in Neurospora crassa f free lysine is trimethyiated 
in the cytosoi (Borum and Broquist 1977), fn the first step of carnitine biosynthesis, 
TML is hydroxylated to p-hydroxy-e-A^trimethy I lysine by e-/V4rimethyi!ysine hydroxylase 

15 (TMLH; EC1/14.11.8) {Rebouche and EngeL 1980; Bremer, 1983). Subsequently, j3- 
hydroxy~8-A/4rimethyiiysine is cleaved into y-trimethyiamino-butyraidehyde and glycine 
by p-hydroxy-s-W4nmethyliysine aldolase (Rebouche and Engel, 1980; Bremer, 1983}. 
The aldehyde is then oxidised by Y4rimethylaminobutyraldehyde dehydrogenase to 
form y-butyrobetaine (Hulse and Henderson, 1980; Rebouche and Engel, 1980; 

20 Bremer, 1983). Finally, y-butyrobetaine is hydroxylated at the 3-position by 
y-butyrobetaine hydroxylase to form l-carnitine (Figure 1) (BBH; EC 1,14/111) 
(England, 1979; Rebouche and Engei, 1980; Bremer, 1983), 

The Identity of some of the intermediate metabolites of the carnitine biosynthesis 
25 pathway was first elucidated in the filamentous fungus Neurospora crassa, using 
isotope-labelling experiments (Kaufman and Broquist, 1977). The genes encoding the 
enzymes required for the catalysis of three of the four reactions required for carnitine 
biosynthesis have been characterised at the molecular level, in rats and humans {Vaz 
et aL, 1998; Gatland et aL, 1999, Vaz et aL, 1999; Vaz et aL, 2000; Vaz et aL, 2001), 

30 

The applicant has therefore identified a need for producing a strain of S, cerevislae that 
can produce carnitine. The applicant has also identified a need for a simple and 
inexpensive method of determining whether or not a micro-organism is capable of 
producing carnitine. 

35 
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SUMMARY OF THE INVENTION 

According to a first embodiment of the invention, there is provided a method of 
5 producing a micro-organism that can biosynthesise carnitine from a non-carnitine 
synthesising micro-organism, the method including the step of: 

transforming the non-carnitine synthesising micro-organism with a nucleotide 
sequence encoding y-butyrobetaine hydroxylase (BBH), 

10 The micro-organism may be a yeast strain, such as S&ccharomyoes cerevisiae. 

The transformed strain may be cultured in the presence of y~butyrobetaine in order for 
the strain to produce carnitine, 

15 The y-butyrobetaine hydroxylase may be a Neumspora cr&sm y-butyrobetaine 
hydroxylase, and the nucleotide sequence may be a genomic fragment having the 
nucleotide sequence as set out in SEQ ID NO: 1 {Figure 7). 

The S. cerevisiae strain may be a FY23 strain. 

20 

The non-carnitine synthesising micro-organism may be identified by: 

applying the micro-organism to a synthetic culture medium containing a non- 
fermentable carbon source and no carnitine, and which is coated with a layer of 
Sacoharomyces cerBvisiae Acit2 strain; 
25 culturing the micro-organism; and 

detecting formation of a zone produced in the culture medium in the region of 
the micro-organism if it is a carni tine-producing micro-organism, or detecting no such 
zone if the micro-organism is not able to produce carnitine. 

30 The above identification steps may also be performed to determine whether the 
method of producing a micro-organism that can biosynthesise carnitine has been 
sucoessfuL 

According to a second embodiment of the invention there is provided a strain of 
35 Saccharomyces cerevisfae that can produce carnitine in the presence of y- 
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butyrobetaine, which has been transformed with a nucleotide sequence encoding y~ 
butyrobetaine hydroxylase (BBH) substantially as described above, 

According to a third embodiment of the invention, there Is provided a method of 
5 identifying a camitine-producing micro-organism, the method including the steps of; 

applying a microorganism to a synthetic culture medium containing a non- 
fermentable carbon source, no carnitine and coated with a layer of Saccharomyces 
cerevisiae &cit2 strain; 

cuituring the micro-organism; and 
10 detecting formation of a zone produced in the culture medium in the region of 

the micro-organism if the micro-organism is a carnitine-producing micro-organism. 

The culture medium may be illuminated or transiliuminated in order to detect formation 
of the zone. 

15 

The culture medium may be agar, and the non~fermentabte carbon source may be 
ethanoL For example, the culture medium may be 2% ethanof synthetic agar medium. 

The micro-organism may be cultured for a period of about 10 days at about 30 °C, 

20 

According to a fourth embodiment of the invention, there is provided a method of 
producing carnitine, the method including the step of cuituring in the presence of y~ 
butyrobetaine hydroxy iase (BBH) a micro-organism that has been transformed as 
above. 

25 

The micro-organism may be included in the production of a beverage or food product, 
such as beer or bread. 

According to a fifth embodiment of the invention, there is provided a method of 
30 enhancing the nutritionai value of a beverage or food product, the method including the 
step of incorporating a microorganism that has been transformed as described above 
in the process of manufacturing the food or beverage product. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a reaction scheme for hydroxylation of y-butyrobetaine to L- 
carnitine by y-bufyrobetaine hydroxylase; 

Figure 2 shows the alignment of the 671 amino acids expressed N, cr&ssa BBH 
homoiogue (SEQ ID HO: 2) to human, CaenorhabdiUs elegans and 
Pseudomanos BBH proteins; 

Figure 3 shows a carnitine large-scale plate screen. (A) Strains were grown on 
glucose synthetic mad Sum and streaked on a 2% ethanol synthetic 
medium agar plate with 10 rog/l Y-bufyrobetaine and with a thin mat of 
&cit2 cells grown on synthetic glucose medium, which were washed 
twice with sterile distilled water before plating. Ceils were grown for 10 
days at 3Q°CX The production of ^carnitine by the strain expressing a 
functional BBH results in the secretion of carnitine, which complements 
the surrounding Ac#2 strains and resulted in the formation of a zone, (B) 
Carnitine secretion plate assay for identification of endogenous 
biosynthesis and secretion of carnitine. Yeasts were grown on glucose 
synthetic medium before they were streaked onto a 2% ethanol synthetic 
medium agar plate with a thin mat Acit2 cells. Cells were grown for 10 
days at 30°^ Yeast strains with endogenous L-carnitine biosynthesis 
and secretion could be identified by the zone formation {D5, D4 and D2). 
(D5) Yarrowia lipolytics; (D4) Rhodotorula gramims; (D2) Candida 
curvata. The controls were the S, cerevislae laboratory strain FY23 { A1 } 
and industrial commercial wine strain VIM 13 (A2), Other non-zone 
forming yeast represents a various collection of different genus and 
species. To improve visual detection of zones, plates were 
transitluminated with light and photos taken. Biosynthesis of carnitine in 
zone forming strains was verified using electrospray mass spectrometry 
as described below; 



Figure 4 



shows (A) photographs of petri dishes on which strains were grown for 4 
days at 30°C on synthetic glycerol (3%) medium and synthetic gSyceroi 
medium with 10 mg/f y~butyrobetaine; and (B) growth curves of strains 
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and transformants: FY23 wild type strain (A); FY23Ac#2 steam (A); FY23 
wild type strain with cbs-2 {»); FY23Ac#2 strain with cb$~2 {□}. Each 
strain was grown in 100 ml of synthetic glycerol (3%) medium plus 10 
mg/l y-butyrobetaine at 30*C; 

5 

Figure 5 shows the measurement of intracellular carnitine and acetylcarnitine 
using electrospray mass spectrometry, (A) FY23 wild type strain with 
cbs-2 and (B) FY23 wild type strain was grown on synthetic glycerol (3%) 
medium with 10 mg/l y-butyrobetaine for 4 days at 30°G t after which cells 

10 were harvested and intracellular carnitine and acetylcarnitine levels were 

determined. Carnitine has a parent ion of 162 and the daughter fragment 
of 43 was measured, Acetylcarnitine has a parent ion of 204 and a 
daughter ion of 85 was measured. The level of intracellular carnitine 
measured for cbs-2 transformed cells were 897 ng/gWW and 

15 acetylcarnitine 1151 ng/gWW; 

Figure 6 shows a diagrammatic representation of the cloning strategy employed in 
the construction of the N. crassa BSH containing construct pHVXf f-dbs-2. 
The symbol **X M indicates the use of restriction enzymes* and "t>" refer 
20 to the use of the polymerase chain reaction; 



Figure 7 shows the nucleotide sequence of a 201 8bp fragment (SEQ ID NO: 1), 
encoding a putative protein with BBH homoloy, cloned from M crassa 
genomic DNA in FASTA format; and 

25 

Figure 8 shows the putative amino acid sequence (SEQ ID NO: 2) encoded by the 
pHVXil~cds~2 construct which includes the entire area of BBH homology, 
in FASTA format. 



30 

DETAILED DESCRIPTION OF THE INVENTION 



A method of producing a micro-organism that can biosynthesise carnitine from a non- 
carnitine synthesising micro-organism is described herein, The method includes the 
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step of transforming the non-carnitine synthesising micro-organism with a nucleotide 
sequence encoding y-butyrobetatne hydroxylase (BBH)« 

The micro-organism is generally a yeast strain, such as Saccharomyces cerevisiae, 
5 and more particularly a FY23 strain, although it may be any other type of micro- 
organism that is abie to transport butyrobetaine into the cell, as the transformed strain 
is cultured in the presence of y-butyrobetaine in order for the strain to produce 
carnitine. 

10 The y-butyrobetaine hydroxylase is generally a Neurospora crassa y-buiyrobetaine 
hydroxylase, and the nucleotide sequence thereof may be a genomic fragment having 
the nucleotide sequence as set out in SEQ ID NO: 1 (Figure 7). 

Also disclosed is a method of identifying a carnitine-producing micro-organism, by 
15 applying a miCTO-organism to a synthetic culture medium which contains a non- 
fermentable carbon source but no carnitine, and which is coated with a layer of 
Saccharomyces cerevisiae Acit2 strain. A typical culture medium is agar, and a 
suitable non-fermentable carbon source is ethanoL For example, the culture medium 
may be 2% ethanol synthetic agar medium. The micro-organism is then cultured, 
20 typically for a period of about 10 days at about 30 0 C. The formation of a zone 
produced in the culture medium in the region of the micro-organism will be detectable, 
such as by illumination or transillumination, if the micro-organism is a carnitine- 
producing micro-organism. No such zone wit! be detected if the micro-organism is not 
a carnitine^producing micro-organism. 

25 

L-Carnitine is a quaternary ammonium compound that plays an essentia! role in the 
transfer of activated acyl-residues across Intra-ceilular membranes. Most eukaryotes 
can neo-synthesise carnitine, but recent data show that this is not the case in the yeast 
Saccharomyces cerevisiae. The filamentous fungus Neurospora crassa was one of the 
30 first organisms used to identify the precursor and intermediates of the carnitine 
biosynthesis pathway. In this organism, the precursor trimethylfysine is converted in a 
four-step process to carnitine. In the last step of this pathway, y~butyrobetaine is 
hydroxylated to form carnitine in a reaction catalysed by Y-butyrobetaine hydroxylase 
(BBH). 
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A novel plate screen that can be used io identify genomic fragments of N. crassa that 
functionally express BBH is described herein. Using this piate screen, a genomic 
fragment encoding the N. crassa y-butyrobetaine hydroxylase (BBH) was identified and 
5 the gene designated cbs-2. The invention teaches that a wild type yeast strain 
transformed with the cbs-2 gene can use exogenous y-butyrobetaine to produce 
carnitine, and expression of this gene is abSe to rescue the growth defect of a Acit2 
strain on non-fermentable carbon sources, without carnitine, in the presence of y- 
butyrobetaine, 

10 

The invention will now be described in more detail by way of the following non-limiting 
examples. 

Examples: 

15 

Yeast strains and olasroids 

FY23 {MATa leu2 irp1 ura3) was used as a wild-type strain (Winston et at, 1995). The 
FY23Ac#2 (MATa feu2 ura3 c?t2::TRP1) was used as the glyoxylate citrate synthase 
deficient strain (Swiegers et at, 2001), A 2016 bp fragment (Figure 7; SEQ !D NO: 1) 

20 was cloned from to crassa genomic DNA using the primers NcBBH-F (5 y ~ 
GATCAGATCT ATG AAA GTC GAC AAG GAA GCC GGC AA-3') (SEQ ID NO: 3} and 
NcBBH-R (5 -GATC AGATCT TTA TGC GTT CCA GTT CAC CGT GCC CAA-3*) (SEQ 
ID NO: 4) with introduced restriction sites- Genomic DNA was extracted from strain 
PPRi 3338 (National Collection of Fungi, Agricultural Research Council, Pretoria, South 

25 Africa), The fragment was cloned into expression vector pHVXIl into the BgM site 
under the regulation of the PGK1 promoter (Voischenck et aL s 1997; represented in 
Figure 8)> Sequencing was done using the ABI-Pnsm sequencer. The S, cerevisiae 
gene YHL021C was amplified by PGR from genomic DNA from strain FY23 using the 
primers YHL-F (S'-GATC GAATTC ATG CTA AGA TCA AAT TTA TGC AGA GGA~3*} 

30 (SEO ID NO; 5) and YHL-R (5 -GATC CTCGAG TTA TTT GTA CTG AGG AAA CTT 
CTC TTC~3*} (SEQ ID NO: 6) with introduced restriction sites. The fragment was 
cloned into expression vector pHVXIf into the BgM site under the yeast PGK1 
promoter. Constructs were transformed into the yeast strains using the lithium acetate 
procedure (Becker and Gaurente, 1 991 ). 

35 
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Media and gro wth conditions 

Escherichia colt carrying pfasmids were grown in Luria Bertani (LB) broth with 10 mg/i 
ampicillin. Yeast strains were grown in YPD (1% yeast extract. 2% bactopeptone, 2% 
glucose), synthetic glucose medium (6.7 g/i yeast nitrogen base without amino acids, 
5 2% glucose, amino acids as required), and synthetic glycerol medium (6.7 g/l yeast 
nitrogen base without amino acids, 3% glycerol, amino acids as required). Media was 
prepared using double distilled water. 

intra-cellular carnitine extraction 
10 Transformants were grown on synthetic glucose medium for two days and then 
inoculated in 100 ml synthetic glycerol medium with 10 mg/J y-butyrobetaine and grown 
for 4 days at 30°C. Cells were harvested by centrifuging 5 min at 5000 rpm and 
washed with 40 mi double distilled water and harvested again using the same 
procedure. Ceils were resuspended in 1 ml double distilled water, transferred to a 
15 1.5 ml microcentrifuge tube and harvested at 12 000 rpm for 2 min. Wet weight was 
determined by weighing the cells and the microcentrifuge tube after all the supernatant 
was removed by pippeting. The ceils were resuspended in 0.2 ml double distilled 
water. The cells were disrupted by adding 0.16 g glass beads and vortexed for 30 min 
at 8°C. The ceils were then vortexed for 10 min at 12 000 rpm and 0.1 ml of the 
supernatant added to 0.9 mi acetonitrile and stored at -20°C Before ES-MS analysis, 
the solution was centrifuged for 10 min at 12 000 rpm to remove all protein precipitates 
and the supernatant used for analysis. 



HPlC-electrosorav mass spectrometry 

Mass spectrometry was performed on a Micromass (Manchester. UK) Quattro triple 
quadropole mass spectrometer fitted with an electrospray ionisation source. Solvent A 
(acetonitrile/water/formic acid; 30/70/0.05 (v/v/v) was used as a carrier solvent and was 
supplied to the ionisation source by a LKB/Pharmacia (Sweden) pump. For direct 
injection of the carnitine and acetylcarnitine standards, the flow rate was 20 pi/min and 
5 pi of the standard was injected through a Rheodyne injection valve. The molecular 
ion ([M+HJ+) of carnitine and acetylcarnitine was observed using a capillary voltage of 
3.5 kV, source temperature of 80°C and a cone voltage setting of 20 V. To obtain the 
fragment pattern of carnitine and acetylcarnitine, the molecular ion was dissociated in 
the fragmentation eel! by collision-induced dissociation at an argon pressure of 
2.8x10- 3 mbar (2.8x10 2 Pa) applying collision energy of 20 eV. The resultant fragments 
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were scanned in the second analyser. Quantitation of carnitine and acetylcarnitine in 
the incubation samples was accomplished by LCMSMS. A Luna C18 150x2 mm (3m) 
column was used for separation, with solvent A as the mobile phase at a flow rate of 
100 0mm delivered by the above mentioned pump. Five microliter of sample was 
injected by a Waters 747 autosampler. The eluent from the column was directed into 
the electrospray ionisation source of the mass spectrometer. The capillary voltage, 
cone voltage, argon pressure and collision energy were as mentioned above. 
Detection was by multiple reaction monitoring, using the molecular ions of carnitine and 
acetylcarnitine as precursor ions and the fragments at m/z = 43 and m/z « 85 as 
product ions, respectively. Chromatographic peaks representing carnitine and 
acetylcarnitine were integrated and the concentration in the incubation samples were 
calculated from a dilution range of known concentrations of standard carnitine and 
acetylcarnitine in distilled water and diluted to a final concentration of 90/10 (v/v): 
acetonitriie/15 mM Tris.HCI. The calculations were automatical performed by the 
Quantify program of MassLynx and expressed as ng/ml. 

Identification of a N. crassa BBH homoioaue 

BBH protein sequences from different organisms are highly homologous to each other 
and to TMLH protein sequences, BBH and TMLH are part of a family of a- 
ketoglutarate-dependent, non-haem ferrous iron dioxygenases (Vaz and Wanders, 
2002). However, when the BBH and TMLH proteins are compared to other proteins 
using BLAST searches (NCBI), reduced homology is found, indicating that these 
enzymes form a separate class of dioxygenases. 

Searching the N. crassa Genome Database (NCGD) resulted in the identification of 2 
putative proteins with high homology to human, rat and mouse BBH protein sequences 
( http;//www-qe nome.wi.m it.edu/annotation/funoi/neurospora/ ). The first corresponds to 
a TMLH previously cloned and identified in a laboratory at Stellenbosch University 
(Swjegers . et aL, 2002) , whereas the second was a novel gene encoding a hypothetical 
protein (NCU06891 .1). The BBH homologous gene predicted by the NCGD consists of 
5 predicted exons totalling 3786 bp and translating a hypothetical protein of 1262 aa 
(http://www-genome.wi.mit.edu/annotation/fungi/neurospora, Feature Search: 
NCU06891.2; SEQ ID NOS; 8 and 9). This is in strong contrast to the other known 
88H proteins of humans, rats, mice and Pseudomonas, the length of which varies 
between 340-380 aa. However, homology to BBH proteins is only found for the protein 
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sequence translated by the last axon (axon 5) as described in the feature map of the 
hypothetical protein on the NGGD, The other translated exons do not show homology 
to any known protein. 

5 Using the N. crassa genomic DNA, a 2016 bp fragment (Figure 7, SEQ ID NO: 1) 
(encoding a putative protein of 871 aa which includes the entire area of BBH homology, 
Figure 8 {SEQ ID NO: 2)), was cloned into a yeast expression vector, pHVXM under 
regulation of the PGK1 promotor. Sequencing confirmed that the correct genomic area 
was cloned. Homology of the 671 aa putative protein to other known BBH proteins 

10 from humans, mouse and Pseudomonas are shown in Figure 2, However, the 671 aa 
putative proteins contained a 1 1 1 aa N4ermina! and 110 aa C-terminal flanking regions 
without any homology to known BBH proteins. The G4ermina! domain contains a six- 
fold repeat of the sequence H PKV£E" (SEQ ID NO; 7), Some 'additional' interna! 
sequences, which contained GGGG repeats, were also present within the BBH 

15 homologous area, similar to what was observed for the M crassa TMLH where an 11 
residue poly P region and an "AAAAA" are found within the TMLH homologous area 
(Swiegers et al, 2002). 

Screening of carnitine producing transformants 

20 A large-scale screen was developed to identify microorganisms producing carnitine. 
The screen is based on the camitine-dependent Acft2 strain, which, after thorough 
washing, is plated as a mat on a synthetic agar medium containing a non-fermentable 
carbon source (e,g, ethanol) and no carnitine- On such plates, growing colonies of 
microorganisms that biosynthesise carnitine produce a zone due to the 

25 complementation of the Adf2 mutant by carnitine. In this way, various microorganisms 
that produce carnitine were identified, including the yeasts Yarrowia fipolyticay 
Rhodotorula graminis and Candida oun/ata (Figure 3B). Endogenous carnitine 
biosynthesis by these strains was verified through intracellular carnitine/acetytaarnitine 
measurements using a novel HPLC-efectrospray mass spectrometry (ESMS) method 

30 that is described above. 

By adapting this large-scale screen, $, cereyfe/ae strains encoding functional BBH 
genomic fragments could be observed. As in the previous case, washed &cit2 cells 
were plated on a non-fermentable carbon source but In this instance, y-butyrobetaine 
35 was added to the media to provide the necessary intermediate, Transformed wifd type 
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strains forming zones would Indicate functionally expressed BBH due to the formation 
of carnitine from y-butyrobetaine and its subsequent secretion into the growth medium. 
Expressing the 2013 bp genomic fragment from the hypothetical protein NCU06891.1, 
resulted in the formation of a zone (Figure 3A). it was thus concluded that the gene 
5 encoded a 8BH t and therefore the gene was named cb$~2 for "carnitine biosynthesis 
gene no. 2". 

Complementation of the carnttine-depenrient Acit2 strain by BBH 

The pHVXII~cjt>$~2 construct encoding the 671 aa BBH homologue was transformed 

10 into FY23Ac/f2 in order to see if the transformed strains were able to grow on medium 
containing the precursor y-butyrobetaine. The transformants were streaked on 
synthetic glycerol media with and without y-butyrobetaine. Strain FY23Ae#2 
transformed with the cbs-2 construct, grew in the presence of y-butyrobetaine, whereas 
the FY23AC&2 transformed with the vector did not grow on any of the media tested 

15 {Figure 4A). Wild type strain FY23 grew normal on both glycerol media tested. The 
growth effect on glycerol agar plates were also dearly demonstrated on glycerol liquid 
media where the FY23Ac#2 strain transformed with the cds-2 construct grew almost 
like the wild type strain and the FY23Ac#2 strain transformed with the vector aione did 
not grow (Figure 4B). Interestingly, the FY23 wild type transformed with cbs-2 grew 

20 slightly better than the FY23 wild type transformed with vector alone indicating that 
production of carnitine can be advantageous for the ceil or that y-butyrobetaine may be 
slightly toxic to the celt These data suggest that the y-butyrobetaine in the growth 
medium is taken up by the Aoii2 strain and converted to carnitine endogenously, which 
allows the carnitine shuttle to function and therefore promote the production of energy 

25 and subsequent growth. To confirm this conclusion, carnitine and acetyicanreitine 
measurements were done using ESMS, fntra-celkilar carnitine measurements were 
made after wild type strains were grown on synthetic medium containing glycerol and 
synthetic medium containing glycerol with y-butyrobetaine* No carnitine could be 
measured in FY23 wiid type and FY23 transformed with cbs-2 in synthetic glycerol 

30 medium. When y-butyrobetaine was added, the FY23 transformed with cbs-2 gene 
showed high amounts of carnitine and acetyicarnitine* indicating that carnitine was 
produced and the carnitine shuttle was active (Figure 5)- No carnitine could be 
measured in the FY23 wild type strain transformed with the vector alone, in the 
presence of y-butyrobetaine. A total of 897 ng/gWW of intracellular carnitine and 1 151 
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ng/gWW intracellular acetyicarnitine was measured, S, cerevisiae only has carnitine 
acetyltransferase activity, so acetylcarnitine is the only carnitine ester that can be 
formed (Swiegers at aL, 2001), Carnitine production of cb$-2 transformed strains coufd 
also be confirmed in glucose containing medium, 

5 

Discussion 

In this study, a S. cemvisiae strain was genetically engineered that coufd biosynthesise 
carnitine from y-butyrobetaine. A N. orassa genomic fragment was cloned that 
expressed a functional BBH, which could biosynthesis© carnitine from 7-butyrobetaine, 
10 In addition, the BBH could suppress the growth defect of the carnitine-dependeni &cit2 
strain when cells were grown on glycerol synthetic medium containing y-butyrobetaine. 

The use of the large-scaie selection screen coufd be useful to isolate carnitine 
overproducing mutants through monitoring the zone sizes. It can also be used to 
1 5 identify the nove! carnitine biosynthesis genes from a variety of organisms. The use of 
carnitine producing strains of S. cerevisiae will increase the nutritional value of foods 
such as bread and beverages such as beer and wine, In addition, carnitine has 
recently been shown to protect S< cerevisiae from stress conditions (Lee et aL, 2002)* 
This would be an additional advantage to S, cerevisiae strains, 

20 

It will be apparent to those skilled in the art that other non-carnitine synthesising 
microorganisms, when transformed with this gene, would be able to synthesise 
carnitine from butyrobetaine, unless unable to transport this compound into the cell. 
This invention is therefore not Intended to be limited to strains of Saocharomyces 
25 cerevisiae. Various alterations, modifications and other changes may also be made to 
the invention without departing from the spirit and scope of the present invention. It is 
therefore intended that the claims cover or encompass all such modifications, 
alterations and/or changes. 
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CLAIMS: 

1. A method of producing a micro-organism that can biosynthesise carnitine, the 
method including the step of; 

transforming a non-carnitfne synthesising microorganism with a nucleotide 
sequence encoding y-butyrobetaine hydroxylase (BBH), 

2. A method according to claim 1 f wherein the micro-organism is a yeast strain. 

3. A method according to claim 2, wherein the yeast strain is Saccharomyces 
cer&visiae. 

4. A method according to any one of claims 1 to 3» wherein the transformed strain 
is cultured in the presence of y-butyrobetaine in order for the strain to produce 
carnitine, 

5. A method according to any one of claims 1 to 4, wherein the y-butyrobetaine 
hydroxylase is a murospora crassa y-butyrobetaine hydroxylase. 

6. A method according to any one of claims 1 to 5, wherein the nucleotide 
sequence encoding Y~butyrobetaine hydroxylase (BBH) is a genomic fragment having 
the nucfeofide sequence shown in Figure 7 (SEQ ID NO: 1 ), 

7. A method according to any one of claims 3 to 6, wherein the Saccharomyces 
cerevisiae strain is a FY23 strain. 

8. A method according to any one of claims 1 to 7, wherein the non-carnitine 
synthesising micro-organism is identified by; 

applying the micro-organism to a synthetic culture medium containing a non- 
fermentable carbon source and no carnitine, and which is coated with a iayer of 
Saccharomyces cerevisiae Ac#2 strain; 

cuituiing the micro-organism; and 

detecting no formation of a zone produced in the culture medium in the region 
of the micro-organism if the micro-organism is not able to produce carnitine. 
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9. A method according to any one of claims 1 to 8, wherein the success of 
producing a micro-organism that can biosynthesise carnitine is determined by 

applying the transformed micro-organism to a synthetic culture medium 
containing a non-fermentable carbon source and no carnitine* and which is coated with 
a layer of SaccharomyceB cerevisiae Acit2 strain; 

cutturing the micro-organism; and 
detecting the formation of a zone produced in the culture medium in the region of the 
micro-organism if the micro-organism is able to produce carnitine, 

10. A strain of Saccharomyces cerevisiae that can produce carnitine in the 
presence of y-butyrobetalne, which has been transformed with a nucleotide sequence 
encoding y-butyrobeiaine hydroxylase (BBH). 

11. A Saccharomyces cerevisiae strain according to claim 10, wherein the y- 
butyrobetaine hydroxylase is a Neurospora crassa y-butyrobetaine hydroxylase. 

12. A Saccharomyces cerevisiae strain according to either of claims 10 or 11, 
wherein the nucleotide sequence encoding y-butyrobetaine hydroxylase (BBH) is a 
genomic fragment having the nucleotide sequence shown in Figure 7 (SEQ ID NO: 1), 

13. A Saccharomyces cerevisiae strain according to any one of claims 10 to 12, 
wherein the Saccharomyces cerevisiae strain is a FY23 strain, 

14. A method of identifying a carnitine-producing micro-organism, the method 
including the steps of: 

applying a micro-organism to a synthetic culture medium which contains a non- 
fermentable carbon source and no carnitine, and which is coated with a iayer of 
Saccharomyces cerevisiae Acit2 strain; 

culturing the micro-organism; and 

detecting formation of a zone produced in the culture medium in the region of 
the micro-organism if the micro-organism is a earn i tine-producing micro-organism, 

15- A method according to ciaim 14, wherein the culture medium is illuminated or 
transiiluminated in order to detect formation of the zone. 
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16. A method according to either of claims 14 or 15, wherein the culture medium is 
agar. 

1 7. A method according to any one of claims 14 to 16, wherein the non-fermentable 
carbon source is ethanoi, 

18. A method according to claim 17, wherein the culture medium contains 2% 
ethanol synthetic agar medium, 

19. A method according to any one of claims 14 to 18, wherein the micro-organism 
is cultured for a period of about 10 days at about 30 e C. 

20. A method of producing carnitine, the method including the step of culturing in 
the presence of y-bufyrobetasne hydroxylase (B8H) a micro-organism that has been 
transformed with a nucleotide sequence encoding Y-butyrobetaine hydroxylase (8BH). 

21 . A method according to claim 20, wherein the micro-organism is included in the 
production of a beverage or food product. 

22. A method of enhancing the nutritional value of a beverage or food product, the 
method including the step of incorporating a micro-organism that has been transformed 
with a nucleotide sequence encoding -/-butyrobetaine hydroxylase (BBH) in the process 
of manufacturing the food or beverage product 
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>&cBBH, 2016 bp 

ATGAAAGTCGACAAGGi^GCCOGCA^GGAAACAGACAAGACCGGCGTCAA 
TAAATCGGACiUVAAAAGCCGGCAAGAAAGCCAACGAAGAAACGGACAAAT 
T GG CAG AAQCC C AG AGG GAATT C GAT AT AC AACTCAG C CGG T T ACG AAAC 
GACCTCGCCCAGCTAAAGAAATCCAACAACAAGTTGCGAAAAGACAAGGG 
GGC CT T ACG GC TAG AC AT T G T C AAT AT G AAG AAAGC TT T CAAAGG G GT GC 
CTCCT AC GGCAGCGGTGCAGAGG GACGGCC AATTG C T AGAAT TAT AC AAC 
AAGATCGCCAAAGAAGCACGCGAATTCAAGGCCGGCACTCCCCAGTCCGT 
CGAGGTGGTCGATGGTCAGCAGCAGCTCGTCATCACCTTCGCCCAGCCCG 
ACG GC AC C ACC AAGC AAG T GGC CAT GTCCC T C C ACT GG C T GCGCGAC AGC 
TGCAAGTGCCCGCACTGCGTGAACCCCGACTCGGGCCAAAAGAACTTCTC 
CAGCACCTCTCTGCCCGAGACTCTCGAGGTCCAAAGCGCCGAGGTCAACG 
C C G CCG ACGGC TCCGTC AC C ATC GTC TGGG CCAACGAC A CCG T CAGC ACC 
AAC GCC A CG T C CG AGGC CACC ACGC ACACCT CGACC T ACG ACGCC TCCGA 
CAT C TT T ACC T GGC AAC T T CCG TACGAC CT CG CCGQ C AAC C T G CTCCCCG 
TCGAGCGCACGCTCTGGGACCGCTCCAAGCTGCAAGCCCACATCGACTCG 
GGCGACCTGCGCGTCTCGTACAACGACTGGCTGACCTCGGATGCCGCCTT 
TTG G AAAGCC T TT GAG TC TCTC GC C C GOT TC G GC AT TC T C T T C G TGC AC T 
CG ATCC CGTCC GACCG AGCCCT CGTC GAATC C CAAG TOG AAAAGATCGC C 
AAC CG C ATCGG C AT CCTCATGCA C AC CT TC T ACGG C T TC ACC T GGC ACGT 
GCG CTC C AAGC CTCG CG CCG AG AAC GT GGC C T AC AC C AACG T C TT T CT AG 
GC T TGC ACC AAG ACCTG AT GT AC ATC GACCCG CC T C CCCGCC T GC AGC T C 
C T G C AC T GC AT CTCCAAC T CC T TC C AGG GC GG CG AATCT C TC T T C AG CG A 
CGGAGCGCGCGCCGCTTACTCCCTGGAACTCAACAACCCACTAGCCTTTG 
ACCAGCTGCGCGGCAACCGCTCGCCGCAGTTCCACTACCACCGCAACGGC 
AACGAC TACC A CAT G GGC C GCAAC ACG TTCCGGT ACGC CG GG CGG AC GG G 
CG AAG GC AAG G G G T T T CTG AGCC G GAT C CAC TGGGCGCCG CCG T TC C AG G 
CGCCGT T T AGCCGGC AG AC GGGCGCC AC GGCGACGAACGTGCTGGG C.AAC 
CG CG TC AT TC AGG AC GGC G GCGGC GGT GCTTATGCCG AG AAC G AGC ATGC 
GGTGGTGGTGGAGGAAAAGGGCAAGAACATGACCAAGTGGGTGCCGGCGG 
CC AAGG AGTT T G AG CG CG AG ATT AGC GCC GAG GAG AAC AT GT T T GAG CTC 
AAGATGAAGGAAGGAGAGTGTGTGATTTTCGATAACTGGCGAGTGTTGCA 
TGGGCGCAGGGAGTTCCAGACGGAAGGACAGGCGGAGGGCGCCGAGAGGT 
GGCT CAAGGGCA CAT AT AT T AGCCATC AG GTGT AC AAGGCC AT G G AGG AT 
AAGT TGC AGTGG AGGTTGGCGCAGAAGG AAGGG GGG ATTCCTT TGGC TAT 
T GGC GT GG C GG AGGC G CAT G GGT T GGGCT GG AAGG AG AG GG GG C AG T T GC 
CC AAG AAG G AGG C TCC T AAG C AG GAG AC TACT G C CC C T G T T C AG C CC AAG 
G AGG AG G CACC C AAGG TCGAGGAGGCACCC AAG GTCGAGGAG AC TCCCAA 
GGT T GAG GAG AC TCC C AAGGTTG AGG AG ACTC C CAAG GT T G AGG AG ACTC 
CCAAGGTCGAAGAGGTTCCCAAGGTCGAGGGGGCCGGGAAGCCCGAGGAG 
GCT C AG AATG AG GGT C CT T C GCGGC AG C C T AAG GAG C AAT T GG GC ACG GT 
GAACTGGAACGCATAA 
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MKVDKBAGKETDKTGVNKSDKKAGKKANEETDKLAS^QREFOIQLSRl.RN 
DI^QL-FKSNNKLRKDKGALRLDIVKSMKKAFKGVPFTAAVQROGQI.l.ELYN 
KIAKEAREFKAGTPOSVEWDGQQQLVITFAQPDGTTKQVAMSLHWLRDT 

CKC PHCVN PDSGQKN FSST SL PET LEVQS AE VNAAD6SVT I VWANDTVST 
NATSEATTHTSTYDASDIFTWQLPyDLAGNI.LPVERTLWDRSKLOAHIDS 
GDLRVSYNDWLTSDAAFWKAFESIARFGILFVHSIPSDRALVESQVEKIA 
NRIGILMHTFYGFTWDVRSKPRAENVAy?NVFLGLHQDLMYIDPPPRLQL 

LHC I SNSFQGGESLFS DGARAAYSLELSN PLAFDQLRGSRS PQFHYHRSJG 
NDYHMGRtsfTFRYAGRTGEGKGFLSRJHHAPPFQAPFSRQTGATATNVLGN 
RVIQDGGGGAYAESEHAWVEEKGKNMTKWVPAAKSFEREISAEENMFEL 
KMKEGECVIFD8WRVLHGRREF0TEGQAEGAERWLKGTYIS8QVYKRMED 
KliQWRIAQKEGGI PLAI GVAEAHGliGWKE RGQLPKKE APKQETTAPVQ PR 
SEAPKVEEAPKVEET PKVEET PKVEST PKVEST PKVEEVPKVEGAGK PEE 
AQNEGPS RQP KEQLGTVN WMA 
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PA137070-PCT as fiUchST25 

SEQUENCE LISTING 

<110> university of Steli^abosch 

<X20> Method of producing a carnitine syrjthesising micro -organ ism 

<130> PA137070/PCT 

<150> ZA 2004/9060 

<X51> 2 004 -11-09 

<160> 9 

<1?0> FatentXn version 3.1 

<2I0> 1 

<211> 2016 

<212> DMA 

<213> Neurospora crassa 



<400> 1 
atgaaagtcg 


acaaggaagc 


cggeaaggaa 


acagacaaga 


ccggcgtcaa 


t:aaai:cggat 


60 


aaaaaagccg 


gcaagaaagc 


caacgaagaa 


acggacaaat 


tggcagaagt 


ccagagggaa 


120 


ttcgatamc 


aactcagccg 


gtitacgaaac 


gacctcgcec 


agctaaagaa 


atceaacaac 


160 


aagttgcgaa 


aagataag$g 


ggccttacgg 


ctagacattg 


ttaatatgaa 


gaaagctttc 


240 


aaaggggtgt 


ctcctacggc 


agcggtgcag 


agggacggcc 


aattgctaga 


attatacaac 


300 


aagatcgcca 


aagaagcacg 


cgaattcaag 


gccggcacxc 


cccagtccgt 


cgaggtggtc 


360 


gatggttage 


agcagttcgt 


catcaccttc 


gcccagcccg 


acggeactac 


caagcaagtg 


420 


gccatgtccc 


tccactggci 


gcgcgacacc 


tgeaagtgcc 


tgeactgcgt 


gaatcecgat 


4S0 


tcgggccaaa 


agaacttctc 


cagcacctct 


ctgcccgaga 


ctctcgaggt 


ccaaagcgcc 


540 


gaggttaacg 


ccgccgacgg 


ctccgtcacc 


atcgtctggg 


ccaacgacac 


cgtcagcacc 


600 


aacgccacgt 


ccgaggctac 


cacgcacacc 


tcgacctacg 


acgcctccga 


catxtttacc 


660 


tggcaacttc 


cgzacgzcct 


cgccggcaac 


ctgctccccg 


tcgagcgcac 


gctctgggac 


720 


cgctccaagc 


tgcaagccca 


catcgaetxg 


ggcgacctgc 


gcgtctcgta 


caacgactgg 


780 


ctgacctccg 


atgctgcctt 


ttggaaagcc 


tttgagtxtt 


tcgcccgctr 


cggcattctc 


340 


ttcgtgcact 


C9atccc9tc 


cgaecgagcc 


ctcgtcgaat 


cccaagtcga 


aaagatcgcc 


900 


aactgeatcg 


gcatcctcat 


gcacaccttc 


tacggcttca 


cetgggacgt 


gcgctccaag 


960 


cctcgcgccg 


agaacgtggc 


ttac&ccaac 


gtctttctag 


gcttgcacca 


agaccxgatg 


1020 


tacattgacc 


cgcctccccg 


cctgcagctc 


ctgcactgca 


tctccaactc 


cttccagggc 


1080 


ggcgaatctc 


tcttxagcga 


cggagcgcgc 


gccgcttact 


ccctggaact 


caaeaaccoa 


1140 


ctagcctttg 


accagctgcg 


cggcaaccgc 


tcgccgc agt 


tccactacca 


cegcaacggc 


1200 


aacgaetacc 


acatgggccg 


caacacgttc 


cggtacgccg 


ggcggaeggg 


cgaaggcaag 


1260 


gggtttctga 


gccggatcca 


ctgggegccg 


ccgttccagg 


cgccgtttag 


ccggcagacg 


1320 


ggcgccacgg 


cgacgaacgt 


gctcggcaac 


cgcgtcattc 


aggacggcgg 
Page 1 
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tatgccgaga acgagcatgc ggtggtggtg gaggaaaagg gcaagaacat gaccaagtgg 1440 

gtgccggtgg tcaaggagtt tgagcgcgag attagcgceg aggagaacat gtttgagctc 1500 

aagatgaagg aaggagagtg tgtgatcrtc gataactggc gagtgttgca tgggegcagg 1560 

gagttctaga cggaaggaea ggcggagggc gccgagaggt ggctcaaggg cacatatatt 1620 

agccatcagg tgtataaggc catggaggat aagttgcagt ggaggttggc gcagaaggaa 1680 

ggggegatte ctttggctat tggcgtggcg gaggegcatg ggttgggctg gaaggagagg 1740 

gggcagtxgc ccaagaagga ggctcctaag eaggagacta ctgcccctgt teagcccaag 1800 

gaggaggcac ccaaggtcga ggaggcaccc aaggtegagg agactcecaa ggttgaggag I860 

actcccaagg ttgaggagac tceeaaggtt gaggagactc ccaaggtcga agag^ttccc 1320 

aaggtcgagg gggccgggaa gcccgaggag gcrcagaatg agggteette gegccagcet 19*0 

aaggagtaat tgggcacggt gaactggaac gcataa 2016 

<210> 2 
<211> 671 
<212> PRT 

<2I3> ^eurospera trassa 



<4O0> 2 

Met Lys val Asp Lys Glu Ala Gly Lys Glu Thr Asp Lys Thr Gly val 
1 5 10 15 

Asn tys ser Asp Lys tys Ala sly Lys Lys Ala Asn Glu Glu Thr Asp 
20 25 30 

Lys Leu Ala Glu Ala Gin Arg Glu Phc Asp lie Gin Ley Ser Arg Leu 
BS 40 45 

Arg Asn asp Leu Ala Gin Leu tys Lys ser Asn Asn Lys Leu Arg Lys 
SO 55 60 y 

asp Lys Gly Ala Ley Arg Leu Asp He val Asn Met tys Lys Ala Phe 
65 70 75 80 

Lys Gly val Pro Pro Thr Ala Ala val Gin Arg Asp Gly Gin Leu Leu 
85 90 95 

Glu Leu ryr Asn Lys lie Ala Lys Glu Ala Arg Gly Phe Lys Ala Sly 
100 105 110 

Thr pro Gin Ser val Glu val val Asp Gly Gin Gin Gin Leu Val lie 
115 120 12 S 

Thr f>he Ala Gin Pro Asp Gly rhr rhr Lys Gin val Ala Met Ser Leu 
130 135 140 

His Trp Leu Arg Asp Thr Cys Lys Cys Fro His Cys val Asn pro asp 
145 150 155 160 

ser Gly Gin Lys Asn phe Ser ser Thr ser Leu Pro Glu rhr Ley Glu 
165 17D 175 

val Gin ser Ala Glu Val Asn Ala Ala Asp Gly Ser val Thr lie val 
180 185 190 

Trp Ala Asn Asp Thr val Ser Thr Asn Ala Thr Ser Glu Ala Thr Thr 
195 200 205 
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His Thr ser Thr Tyr Asp Ala Ser Asp xle Phe Thr Trp Gin Leu Pro 
210 215 220 



Tyr Asp Leu Ala Gly Asn Leu Leu Pro val Glu Aro Thr Leu Trp asp 
225 230 235 240 



Arg Ser Lys Leu Gin Ala His He Asp ser Gly Asp Ley Arg Val Ser 
245 250 2S5 



Tyr Asn Asp Trp Leu Thr Ser A$p Ala Ala Phe Trp Lys Ala Phe Glu 
260 265 270 



ser Leu Ala Arg phe Gly lie Leu Phe val His ser lie Pro Ser Asp 
275 280 235 



Arg Ala Leu val Glu ser Gin val Glu Lys He Ala Asn Arg lie Gly 
290 29$ 300 



He Leu wet His Thr Phe Tyr Gly Phe Thr Trp Asp val Arg $er Lys 
BOS 310 315 320 



pro Arq Ala Glu Asn val Ala Tyr Thr Asn val Phe Leu Gly Leu His 
325 330 33 S 



Gin Asp teu Met Tyr jle Asp pro Pro Pro Arg Leu sin Leu leu His 
340 34 5 3S0 



Cys lie Ser Asn Ser Phe Gin Gly Gly Glu $er Leu Phe Ser Asp Gly 
355 360 365 



Ala Arg Ala Ala Tyr ser Leu Glu Leu Asn Asn Pro Leu Ala Phe Asp 
370 375 330 



Gin Leu Arg Gly Asn Arg ser pro Gin Phe His Tyr His Arg Asn Gly 
385 395 395 40D 



Asn Asp Tyr His Met Gly Arg Asn Thr phe Arg Tyr Ala Gly Arq Thr 
40 $ 410 415 



Gly Glu Gly lvs Gly Phe Leu ser Arg lie His Trp Ala Pro pro Phe 
420 425 430 



Gin Ala Pro Phe ser Arg Gin Thr Gly Ala Thr Ala Thr Asn val Leu 
435 440 44 5 



Gly Asn Arg val lie Gin Asp Gly Gly Gly Gly Ala Tyr Ala Glu Asn 
450 4$S 460 



Glu His Ala val val val Glu Glu Lys Gly Lys Asn Met Thr lvs Trp 
465 470 47S 480 



val Pro Ala Ala Lys Glu Phe Glu Arg Glu lie ser Ala Glu Glu Asn 
485 490 495 



Met Phe Glu Leu Lys Met Lys Glu Gly Glu cys val He Phe A$p Asn 
500 505 $10 



Trp Arg val Leu His Gly Arg Arg Glu Phe Gin Thr Glu Gly Gin Ala 
515 520 525 



Glu Gly Ala Glu Arg rrp Leu Lys Gly Thr Tyr lie Ser His Gin val 



535 



540 
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Tyr Lys Ala Met Glu Asp tys Leu Gin Trp Arg Leu Ala Gin Lys Glu 
545 550 555 560 

Gly Gly He Pro Leu Ala xle Gly val Ala Glu Ala his Gly Leu Gly 
565 570 575 

Trp Lys Gly Arg Gly Gin Leu Pro tys Lys Glu Ala Pro tys Gin Glu 
Sm 590 

Thr Thr Ala Pro val Girt Pro Lys Glu <9lu Ala Pro Lys val Glu Glu 
595 600 605 

Ala Pro tys val Glu Glu Thr pro Lys val Glu Glu Thr Pro Lys val 
610 615 620 

Glu Glu Thr pro Lys val Glu Glu Thr Pro Lys val Glu Glu val pro 
625 630 635 o40 

Lys val Glu Gly Ala Gly Lys Pro Glu Glu Ala Gin ash Glu Gly Pro 
645 650 655 

S^r Arg Gin pro Lys Glu Gin leu Gly Thr val ash Trp Asn Ala 
660 665 670 

<210> 3 
<211> 36 
<212> ®m 

<213> Neurospora crassa 



<4QQ> 3 ^ 
gatcagatct atgaaagtcg ataaggaagt cggcaa 5» 

<21Q> 4 

<211> 37 

<212> DNA 

<213> Neurospora crassa 



gatcagatct ttatgcgttc cagttcaceg tgcecaa 3> 

<210> 5 

<21l> 37 

<212> ON A 

<213> Neurospora crassa 



<400> S 

gatcgaattc atgctaagat caaatttatg cagagga 

<210> 6 

<211> 37 

<212> DNA 

<2X3> Heurospora crassa 



<400> 6 27 
gatcctcgag ttatttgtac tgaggaaact tctcttc *' 
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<210> 7 
<211> S 
<212> PRT 

<2X3> Neurospora crassa 
<400> ? 

pro tys val Glu <slu 
1 5 

<210> S 

<211> 3786 

<212> DNA 

<213> Heurospora crassa 



<4oo> a 

atggggttce 


tcgctactct 


catcgaccgt 


ggcatttccc 


acatcgacgg 


agtagcggcc 


60 


agacgaggac 


tcaagtatag 


cccagacagc 


tactgcggcc 


gccgcctcgc 


cgggctcgaa 


120 


acagggccga 


ttcccaaccg 


aggtcccgag 


acttcagccg 


ggctttggat 


cctcgtctcc 


ISO 


ttctctacta 


cettcctcgc 


tgcgaggtta 


tacctcaaga 


tgtactgact 


gaaggggtta 


240 


tggtgggatg 


attactttct 


tgttcttgct 


tggctc&ctc 


aeaccctetc 


cgccaccctc 


300 


gcceaagtcx 


ccatctccct 


crtcggcctc 


ggccactacc 


cetgcgacat 


cccctccccg 


360 


acaacttcca 


tcccgcgcct 


gactctcgta 


ggcgaccact 


tcggegccat 


gttctccatg 


420 


ttcgccgtcg 


cgctctccaa 


gacttcctgg 


gccgtcactt 


tacttxggct 


tgttegccgg 


480 


gggtctagta 


gxacctcctc 


ctcctcctcc 


tecaecacgt 


cctxttctte 


irtccccggga 


540 


eaacaccagc 


gccaatacgc 


agtctggatt 


gtctggttcg 


teatcatcac 


catctgtctc 


600 


atcaagggcg 


ctcagggggt 


cttggtttgg 


attcceaaat 


geggatcacc 


gcaggttgcg 


660 


cttgcagcat 


tgggggattc 


gaaagatgat 


aatgatgtgt 


cacatcatga 


tgtgtgtgtg 


720 


aggatcgaac 


egctgaacQg 


gttcgcgacg 


ttcgcgggga 


gtgtcagtgg 


gacgtatgct 


780 


attttgctgg 


tggtggtccc 


gtggaagacg 


atttggggca 


cgaatrtggg 


caagagggaa 


640 


aaagttgtjag 


tggcgacgac 


gatgagcgtg 


ggggcggtga 


gtggggtggc 


ggcttttgtg 


900 


ctggcggtta 


agatgaggag 


gattacgagt 


gagaatttta 


cttacgactc 


aggcgccatt 


960 


atagtgtggt 


ctaccgctga 


gacgagcacg 


accatcatgg 


ctgcttgcat 


ccccgtccac 


1020 


cgcgccttct 


gccgccaact 


tcgcaagaag 


ctgctggcgc 


agaaccgctt 


gcatagcagc 


XOSO 


aagctacao: 


cgacgccgcc 


gxcgatgggc 


aagaatggtg 


tcgggggtag 


tacgacatta 


1140 


accaccctga 


acagtggc&a 


ctttcattcc 


gtccccgata 


agctttccca 


acatggccgc 


1200 


aegggaagtg 


attgcttgtc 


gttgtcttea 


ggnggtggag 


ggtgtcatgc 


cctgactgat: 


1260 


gacagcgcaa 


gcgataaggc 


cattttgcag 


gttcgtgaca 


ttgagagttg 


cgatataaat 


1320 


gggcgtgagg 


tagttacctc 


aaggaacagc 


ggaaggatxt 


tgaggacgca 


ggaggtcaag 


1380 


gtggaatate 


attattatcc 


tgagattttg 


gatgggaggg 


atgtgttgga 


tgagagggcg 


1440 


cagtcacaac 


aagtcttcgt 


taacgccaag 


ttgtgcgccg 


acgccaaaet 


eeegcttgta 


1500 


ccccgcatga 


agcttggagt 


ggagctcatc 


cttggagccg 


ctcccctcgc 


gcgcggccgc 


1560 


ttcgccgtca 


cgccatcaac 


caaggcgate 


cgtactttgt 


cgtgcteaec 


agcagct.egc 


1620 


accgacgatg 


ctacgaeecc 


ttctcccgcc 


geeggtgaca 


gtgcegcacc 


caccgagccg 


1SS0 


gctcagccca 


aactgctttt 


ccgtaagatc 


tataagaagc 


aaaggacagc 
page 5 


ggaccagaaa 


1740 



WO 2006/05138? 

PA137070-FCT as filed, ST25 
gccgacaaga aaggcgacaa tggatccgac atgaaagtxg acaaggaagc cggcaaggaa 
atagaeaaga ccggegtcaa taaatcggac aaaaaagccg gcaagaaagc caacgaagaa 
acggacaaat tggcagaagc ccagagggaa ttcgatatac aactcagccg gttacgaaac 
gacctcgccc agctaaagaa atctaacaac aagttgcgaa aagacaaggg ggcettacgg 
ctagacattg ixaatatgaa gaaagct^tc aaaggggtgc ctcctacggc ageggtgeag 
agggatggcc aattgctaga attatacaac aagatcgcca aagaagcacg cgaattcaag 
gtcggcactc cccagtccgt cgaggtggtc gatggtcagc ageagctcgt catcaccttc 
gcccagcccg acggcaccac caagcaagtg gccatgtccc tccactggct gcgcgacacc 
ngcaagtgcc cgcaetgcgt gaaecccgae tcgggccaaa agaacttctc cagcacctet 
ctgcccgaga ctxtxgaggt ccaaagcgcc gaggtcaacg ccgccgacgg ctccgtcacc 
attgtctggg ccaacgacae cgtcagcacc aacgccacgt ccgaggccac cacgcacacc 
tcgacctacg acgcctccga catctttacc tggeaacttc cgtacgacct cgccggeaac 
ctgctccccg tcgagcgcae gctctgggac tgcttcaagt tgcaagccca catcgactcg 
ggcgacctgc gcgtctcgta eaacgactgg ctgacctccg atgccgecrt ttggaaagcc 
tttgagtttt tcgcccgctt: cggcattctc ttcgtgcact cgatcccgtc cgaccgagcc 
ctcgtcgaat cccaagtcga aaagatcgcc aaccgtatcg gcatcctcat gcacaccttc 
tacggcttca cctgggacgt gcgcrccaag cctcgcgccg agaacgtgge ctacaccaac 
gtctttctag gcttgcacca agacctgatg tacatcgacc cgcctccccg cctgcagctc 
ctgcactgca tctccaactt cttceagggc ggcgaatctc tcttcagcga cggagcgcgc 
gccgcttact ccctggaact caacaaccca etzagcctttg accagctgeg cggcaacege 
tcgccgcagt teeactacca ccgcaacggc aacgactacc acatgggccg caacacgttc 
cggtacgccg ggcggacggg cgaaggcaag gggtttctga gceggateca etgggcgccg 
ccgttccagg cgccgtttag ccggcagacg ggcgecacgg cgacgaacgt gctcggeaac 
cgtgtcattc aggacggcgg tggcggtgct tatgecgaga acgagcatgc ggtggtggtg 
gaggaaaagg gcaagaacat gaccaagtgg 9xgccggcgg ccaaggagtt tgagcgcgag 
attagcgccg aggagaacat gtrtgagctc aagatgaagg aaggagagtg tgtgattttc 
gataactggc gagtgttgca tgggcgtagg gagttccaga cggaaggaca ggcggagggc 
gccgagaggt ggcrcaaggg cacatatatt agccatcagg tgtacaaggc catggaggat 
aagttgcagt ggaggttggc gcagaaggaa ggggggattc ctttggctat tggcgrggeg 
gaggcgcatg ggttgggttg gaaggagagg gggcagttgc ccaagaagga ggctcctaag 
caggagacta ctgcccctgt tcagcceaag gaggaggcac ccaaggtcga ggaggcacec 
aaggtc gagg agaetcecaa ggttgaggag actcccaagg ttgaggagac tcecaaggtt 
gaggagactc ccaaggtcga agaggttccc aaggtcgagg gggccgggaa gccegaggag 
gctcagaatg agggtcctte gcgccagcct aaggagcaat tgggcacggt gaactggaac 
gcataa 

<210> $ 
<2ll> 1261 
<212> PRT 

<213> Neuraspora crassa 
<400> 9 

wet Ctly P^e teu Ala Thr Lm lie asp Arg Gly lU ser His lie Asp 
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I860 

1920 

1980 

2040 

2100 

2160 

2220 

22S0 

2340 

2400 

2460 

2520 

2 5 SO 

2640 

2700 

2760 

2820 

2830 

2940 

BOOO 

3060 

3X20 

3180 

3240 

3 300 

3360 

3420 

34S0 

3S40 

3^00 

3S60 

3720 

3780 

3786 
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Gly Ala Ala Ala Arg Arg Gly pro Lys Tyr Ser Pro Asp Ser Tyr Cys 
20 25 30 



Gly Arg Arg Leu Ala Gly Leu Glu Thr Glv Pro tie Pro Asn Arg Gly 
35 40 45 



pro Glu Thr Ser Ala 6ly Leu Trp lie Leu val ser Pbe Ser Thr Thr 
50 * 55 60 



phe Leu Ala Ala Arg Leu Tyr Let* Lys Met Tyr Arg Leu Lys Gly Leu 
65 70 75 $0 



Trp Trp Asp Asp Tyr Phe Leu val Leu Ala Trp Leu Thr His Thr Leu 
85 90 95 



Ser Ala Thr Leu Ala Gin Val Ser He ser Leu Phe Gly Leu Gly His 
100 105 110 



Tyr pro cys Asp lie Pro Ser pro Thr Thr ser lie Pro Arg Leu Thr 
IIS 120 125 



Leu Val Gly Asp His Phe Gly Ala Met Phe Ser Met Phe Ala val Ala 
130 135 140 



Leu Ser Lys Thr ser Trp Ala val Thr Leu Leu Arg Leu val Arg Arg 
145 150 155 160 



Gly ser ser Ser Thr Ser Ser ser Ser ser ser Thr Thr ser Ser Ser 
165 170 175 



ser ser pro Gly Girt His Gin Arg Gin Tyr Ala val Trp He val Trp 
ISO IBS 190 



Phe Val He He Thr He Cys Leu He Lys Gly Ala Gin Gly val Leu 
195 200 20 5 



val Trp lie Pro Lys Cys Gly ser Pro Gin val Ala Pro Ala Ala Leu 
210 215 220 



Gly Asp ser Lys Asp Asp Asn Asp val ser His His Asp val Cys val 
225 ' 230 235 240 



He Glu Pro Leu Asn Gly Phe Ala Thr Phe Ala Gly ser val Ser 
245 2 SO 255 



Gly Thr Tyr Ala lie Leu Leu Ala val val Pro Trp Lys Thr lie Trp 
260 265 270 



Gly Thr Asn Leu Gly Lys Arg 61 u Lys val Gly val Ala Thr Thr Met 
275 2S0 285 



Ser val Gly Ala val ser Gly val Ala Ala Phe val Leu Ala val Lys 
290 295 300 



Met Arg Arg lie Thr ser Glu Asn Phe Thr Tyr Asp ser Gly Ala He 
305 310 315 320 



lie val Trp Ser Thr Ala Glu Thr Ser Thr Thr He wet Ala Ala Cys 
325 3SO 3B5 



He Pro val His Arg Ala Phe Cys Arg Gin Leu Arg Lys Lys Leu Leu 



340 
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Ala Gin Asn Am Leu His Ser ser Lys Pro His Ser Thr pro pro ser 
355 360 36 S 

Thr Gly tys Asn Gly val Gly Gly Ser Thr Thr Leu Thr rhr Leu Asn 
370 375 380 

ser Gly as ft Phe His Ser val Pro Asp tys Leu ser Gin His Sly Arg 
3SS 390 395 40S 

Thr Gly ser Asp tys Leu Ser Leu Ser ser Gly Gly Gly Gly Cys His 
405 410 415 

Ala Pro Thr Asp Asp Ser Ala Ser Asp Lys Ala lie Leu Gin val Arg 
420 425 430 

Asp lie Glu ser cys Asp He ask Gly Arg Glu val val Thr ser Arg 
435 440 445 

Asn Ser Gly Arg lie Leu Arg Thr Gin Glu Val Lys val Glu Tyr His 
450 4S5 460 

His His Pro Glu lie Leu Asp Gly Arq Asp val Leu Asp Glu Arg Ala 
465 470 " 47 S ABO 

Gin ser Gin Gin val Phe val ash Ala Lys Lea Cys Ala Asp Ala Lys 
485 490 495 

Leu pro teu Val Pro Arg net Lys Leu Gly val Glu Leu lie Leu Gly 
500 505 * $10 

Ala Ala Pro Leu Ala Arg Gly Arg Phe Ala val Thr Pro Ser Thr Lys 
515 520 525 

Ala lie Arg Thr Leu ser tys ser pro Ala Ala Arg Ala Asp Asp Ala 
530 535 548 

Thr Thr pro Ser pro Ala Ala Gly Asp Ser Ala Ala pro Thr Glu pro 
545 550 555 560 

Ala Girt Pro Lys Leu Leu Phe Arq Lys lie Tyr lys Lys Gin Arg rhr 
565 570 575 

Ala Asp Gin Lys Ala Asp Lys Lys Gly Asp ash Gly ser asp Met Lys 
580 585 590 

val Asp Lys Glu Ala Gly Lys Glu Thr Asp Lys Thr Gly val Asn tys 
595 600 605 

Ser Asp Lys Lys Ala Gly Lys Lys Ala Asn Gly Glu Thr Asp Lys Leu 
610 615 620 

Ala Glu Ala Gin Arg Glu Phe Asp lie Gin Leu ser Arg Leu Arg Asn 
625 630 635 640 

Asp Leu Ala Gin Leu Lys Lys ser Asn Asn Lys Leu Arg Lys Asp Lys 
645 650 655 

Gly Ala teu Aro Leu Asp He val Asn Met Lys Lys Ala Phe Lys Gly 
666 665 670 

val Pro Pro Thr Ala Ala val Gin Arg Asp Gly Gin Leu Leu Glu Leu 
675 6S0 635 

Tyr Asn Lys He Ala Lys Glu Ala Arg Glu Phe Lys Ala Gly Thr Pro 
690 695 7&0 
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Gin ser val Glu val val Asp Gly Gin Gin Leu val lie Thr phe 
70S 710 715 720 

Ala Gin Pro Asp Gly Thr Thr Lys Gin val Ala Met ser Leu His Trp 
?25 730 735 

teu Arg asp Thr Cys Lys Cys Pro His Cys Val Asn Pro Asp Ser Gly 
740 745 750 

Gin tys asp Phe ser ser Thr Ser Leu Pro Glu Thr Leu Glu val Gin 
755 760 765 

Ser Ala Glu val A$n Ala Ala Asp Gly Ser val Thr lie val Trp Ala 
770 775 780 

ash Asp Thr val Ser Thr Asn Ala Thr Ser Glu Ala Thr Thr His Thr 
7 B$ 790 79 S SOS 

Ser Thr Tyr Asp Ala Ser Asp He Ph€ Thr Trp Gin Leu pro Tyr Asp 
SOS B10 BIS 

Leu Ala Gly asp Leu Leu Pro val Glu Arg Thr Leu Trp Asp Arg ser 
£20 825 330 

tys Leu Gin Ala His lie Asp ser 01 y asp Leu Arg val ser Tyr Asn 
' 835 B40 S4S 

asp Trp teu Thr ser Asp Ala Ala Phe Trp Lys Ala Phe Glu ser Leu 
850 BSS S60 

Ala Arq Phe Gly lie Leu Phe val His Ser lie pro Ser Asp Arg Ala 
86$ 670 87$ SSO 

Leu val Glu ser Gin val Glu Lys lie Ala Asn Arg lie Gly lie Leu 
8S5 S9Q S9S 

wet His Thr Phe Tyr Gly Phe Thr Trp Asp val Arg Ser Lys Pro Ara. 
900 90$ 910 

Ala Glu Asn val Ala Tyr Thr Asn val Phe Leu Gly Leu His Gin Asp 
91$ 920 925 

Leu Met Tvr lie Asp Pro Pro pro Arg, Leu Gin Leu Leu His Cys lie 
930 $35 940 

ser Asn ser Phe Gin Gly Gly Glu Ser Leu Phe ser Asp Gly Ala Arq 
94 S 950 355 960 

Ala Ala Tyr Ser Leu Glu Leu Asn Asn pro teu Ala Phe Asp Gin Leu 
965 970 975 

Ara Gly Asn Arq ser pro Gin phe His Tyr His Arg Asn Gly Asn Asp 
y 7 9SS 9S5 990 

Tyr His Met Gly Arg Asn Thr phe Arg Tyr Ala Gly Arg Thr Gly Glu 
995 " 1000 X0Q5 

Glv lys Gly Phe Leu $er Arq lie His Trp Ala Pro Pro Phe Gin 
y 1Q10 ■ 1015 1020 

Ala Pro Phe Ser Arg Gin Thr Gly Ala Thr Ala Thr Asn val Leu 
1025 " 10 30 1035 
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G y Ar ^ val Il « Gin Asp Gly Gly Gly (Sly Ala Tyr Ala Glu 
1040 I04S 10S0 

ash Glu His Ala val v a 1 val Glu Glu Lys Gly Lys Asn Met Tbr 
1055 1060 106$ 
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11^0 1195 1200 

Glu Thr Pro Lys Val Glu Glu Thr Pro Lys val Glu Glu Thr Pro 
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1220 122 5 1230 
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1235 1240 124 S 

Gin Fro tys Glu Gin Leu Gly Thr val Asn Trp Asn Ala 
1250 1255 1260 
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